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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



(57) [Claim(s)] 

[Claim 1] A power unit characterized by providing the following. A main circuit which consists of a 
chopper circuit which performs direct-current- voltage conversion by making an output side emit energy 
accumulated in a "on" period of a switching element at an inductor including a switching element and an 
inductor to a "off 1 period of a switching element It is the error detecting element which is equipped with 
a control circuit which carries out on-off control of the switching element, and outputs difference of a 
detection voltage and a programmed voltage to which a control circuit is proportional to output voltage 
of a main circuit as error voltage. A judgment control section which will turn ON a switching element if 
it detects that made a capacitor discharge and stored energy of an inductor was emitted to below default 
value while turning OFF a switching element, if both-ends voltage of a capacitor by which charge is 
started with a predetermined time constant with ON of a switching element reaches error voltage An ON 
time amount controller which will adjust the above-mentioned time constant in the direction made small 
if input voltage rises so that output voltage of a main circuit may be kept constant to fluctuation of input 
voltage 

[Claim 2] a ratio of a time constant of a high period to a time constant of a period when ratio of input 
voltage of a lower limit [ gradually as opposed to / so that an ON time amount controller may make a 
time constant smaller than a low period at a period when the average of input voltage to a chopper 
circuit is high / a upper limit of tolerance of output voltage of a switch and an error detecting element for 
a time constant ] is low -- a power unit according to claim 1 characterized by setting up change over 
conditions of a time constant and changing so that it may become above. 

[Claim 3] An ON time amount controller is a power unit according to claim 1 characterized by adjusting 
the charging current to the above-mentioned capacitor continuously so that average value of input 
voltage to a chopper circuit rises and the above-mentioned time constant may be made small. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the power unit which performs direct-current- voltage 

conversion using a chopper circuit. 

[0002] 

[Description of the Prior Art] The power unit which obtains pressure lowering or the direct-current 
output voltage which carried out the pressure up is offered in input voltage by conventionally carrying 
out on-off control of the switching element connected to a serial or juxtaposition to the input. For 
example, the power unit of a pressure-up form has the configuration as shown in drawing 10 . In the 
example of drawing 10 , pulsating flow voltage which is the output of the rectifiers RE, such as a diode 
bridge which carries out full wave rectification of AC power supply AC, is made into input voltage Vi, 
and it is an inductor LI between the outgoing ends of Rectifier RE. Switching element Ql which 
consists of an MOSFET etc. Resistance Rl A series circuit is connected and it is a switching element 
Ql. Diode Dl for back flow inhibition Capacitor CI for smooth It has the main circuit 1 which carried 
out parallel connection of the series circuit. Switching element Ql On-off control is carried out by the 
control circuit 2. 

[0003] A main circuit 1 operates as follows. Namely, switching element Ql In the period which is ON, 
it is an inductor LI. Input voltage Vi is impressed and it is an inductor LI. Energy is accumulated. On 
the other hand, it is a switching element Ql. When it becomes off, it is an inductor LI. Both-ends 
voltage is a capacitor CI. If output voltage which is both-ends voltage is set to Vo, it will become - (Vo- 
Vi). Namely, switching element Ql When it becomes off, at the time of ON, the voltage of reversed 
polarity is an inductor LI. It is added among both ends. While a switching element Ql is ON, it is an 
inductor LI. The accumulated energy is a switching element Ql. It will be emitted if it becomes off, and 
it is a capacitor CI. It charges. 

[0004] Switching element Ql The timing of turning on and off is controlled by the control circuit 2. In a 
control circuit 2, it is the output voltage Vo of a main circuit 1 Two resistance R4 and R5 Reference 
voltage Vref which inputted into the error amplifier 21 the detection voltage pressured partially, and was 
set up beforehand It asks for the error voltage which is difference. Moreover, it is resistance R2 about 
the output current value of the current source 23 equipped with current Miller circuit. It sets up and is a 
capacitor C3 by the output current of a current source 23. It charges. This capacitor C3 A comparator 24 
compares terminal voltage and the error voltage outputted from the error amplifier 21, and it is a 
capacitor C3. If terminal voltage becomes higher than error voltage, the RS latch 25 will be reset. When 
the RS latch 25 is reset, it is a switching element Ql. It becomes off. Moreover, it is the switch element 
Q2 at this time. It is turned on and is a capacitor C3. It discharges. 

[0005] On the other hand, it is an inductor LI. The flowing current is resistance Rl. It is detected as 
both-ends voltage and is resistance Rl. Both-ends voltage is inputted into the zero point detector 26. 
Switching element Ql It follows off and is an inductor LI. The accumulated energy is emitted and a 
capacitor CI charges. If the current which flows to an inductor LI decreases and it is set to about 0 (that 
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is,) Inductor LI When stored energy is emitted to below default value, the zero point detector 26 is 
resistance Rl. Since the condition is detected based on both-ends voltage, the RS latch 25 is set, and it is 
a switching element Ql. It is turned on. At this time, it is a capacitor C3. It is a switching element Ql by 
the repeat of the actuation which charge was resumed and was mentioned above after that. Turning on 
and off is repeated. Thus, inductor LI It is a switching element Ql so that the flowing current may not 
have an idle period. On-off control can be carried out. That is, a judgment control section is constituted 
by a comparator 24, the RS latch 25, and the zero point detector 26. Moreover, it is an inductor LI as 
mentioned above. When making it the idle period when current does not flow not arise, harmonics of an 
input current can be lessened. 

[0006] By the way, as mentioned above, it is a switching element QL When turned on, it is a capacitor 
C3. It charges with the fixed current from a current source 23, and is a capacitor C3. Since terminal 
voltage is compared with the detection voltage which pressured output voltage Vo partially, the current 
source 23 and the capacitor C3 will constitute the timer circuit. Moreover, for output voltage Vo, if kept 
almost constant, this timer circuit is a switching element Ql. ON time amount will be specified. 
[0007] By the way, the input current Ii to input voltage Vi can express input power as W, then Ii=W/Vi. 
Moreover, inductor LI The current value of an input current Ii is peak value IP of current iLl which 
flows an inductor LI as it is shown in drawing 1 1 , since there is no idle period in the flowing current. It 
doubles [ about 1 of an envelope / ]. That is, it is set to IP=2(2) 1/2 Ii. Here, they are VH and VL about 
the upper limit and lower limit of input voltage Vi, respectively. If it carries out and input power W is 
kept constant to both voltage, they are input voltage VH and VL. The receiving input current Ii becomes 
Ii=W/VH and Ii=W/VL, respectively. Moreover, switching element Ql They are t, then a switching 
element Ql about the elapsed time after ON. When time amount t has passed since ON, it is an inductor 
LI. The flowing current iLl iLl=(Vi/Ll) t - it is (LI is the inductance of an inductor LI) - input 
voltage VH and VL Receiving switching element Ql ON time amount - tH and tL Then Corresponding 
peak value IP of current iLl They are IP =(VH / LI) tH and IP =(VL / LI) tL, respectively. It becomes. 
Therefore, tH (VH / LI) =2(2) 1/2 (W/VH) 
(VL /LI )tL =2(2)1/2 (W/VL ) 

A next door and switching element Ql The ON time amount tH and tL It can express with a degree type, 
respectively. 

tH =2(2) 1/2 (WL1 / VH 2) -- (1) 
tL =2(2) 1/2 (WL1/VL 2) - (2) 

A top type is a switching element Ql, when output voltage Vo is kept constant, without changing a load 
and only input voltage Vi changes about the power unit of the above-mentioned configuration. 
Controlling ON time amount by magnitude in inverse proportion to the square of input voltage Vi means 
what is demanded. For example, since it is 3 times the change scale factor of input voltage Vi of this 
when input voltage is 300V as compared with the case where the thing which changes while input 
voltage Vi is 100-3 00 V and by which other conditions are not changed, then input voltage Vi are 100V, 
it is a switching element Ql. About 1/of ON time amount must be controlled in the magnitude of 9. 
[0008] 

[Problem(s) to be Solved by the Invention] By the way, as mentioned above, it is a switching element 
Ql. The error amplifier 21 and a timer circuit decide on ON time amount. It sets here and is a switching 
element Ql. To the element which decides on ON time amount The RS latch 25 to switching element 
Ql After a signal is outputted so that it may turn ON, it is the switch element Q2. It becomes off and is a 
capacitor C3. A time lag until charge is started, Capacitor C3 After terminal voltage becomes higher 
than the error voltage outputted from the error amplifier 21 and the output of a comparator 24 is 
reversed, it is a switching element Ql by the RS latch's 25 output. It is required to include a time lag 
until it becomes off. Moreover, since the range of the output voltage of the error amplifier 21 has a limit, 
it is a switching element Ql . For the decision of ON time amount, the tolerance of the output voltage of 
the error amplifier 21 must be taken into consideration. 

[0009] Now and switching element Ql The time delay by the time lag included in the element which 
determines a "on" period tau, They are upsilonH and upsilonL, respectively about the upper limit of the 
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tolerance of the output voltage of the error amplifier 21, and a lower limit. It carries out. Resistance R2 
And capacitor C3 Capacitor C3 determined Terminal voltage Vc If referred to as Vc=kappat (kappa is 
an inclination and equivalent to the inverse number of the time constant of charge of a capacitor C3) t is 
the switch element Q2. Upper-limit upsilonH of the tolerance of the time amount after ON, and the 
output voltage of the error amplifier 21, and lower limit upsilonL Receiving switching element Ql The 
ON time amount tl and t2 It is expressed with a degree type, 
tl =(upsilonH/kappa)+tau — (3) 
t2 =(upsilonL/kappa)+tau — (4) 

That is, a time delay tau, the ON time amount tl, t2, and inclination kappa become relation like drawing 

12 (a). Namely, switching element Ql The condition which shows in drawing 12 (b) with a dashed line 

is the minimum period, and the period shown as a continuous line will call a "on" period the maximum 

period. It sets here and is a switching element Ql. A degree type must be materialized about ON time 

amount. 

tl >=tL - (5) 

t2 <=tH - (6) 

Therefore, the relation of a degree type is obtained by (1) - (6) type. 

(upsilonH/kappa)+tau>=2(2) 1 / 2 (WL1/VL 2) 

(upsilonL/kappa)+tau<=2(2) 1 / 2 (WL1 / VH 2) 

Therefore, a degree type is called for. 

VL 2 {(upsilonH/kappa) +tau} >=2(2) 1 / 2 (WL1) 

VH 2 {(upsilonL/kappa) +tau} <=2(2) 1 / 2 (WL1) 

After all, a degree type needs to be materialized. 

VL 2 {(upsilonH/kappa) +tau} >=VH 2 {(upsilonL/kappa) +tau} - (7) 

Since it is tau= 0, then VL 2 >=(upsilonH/kappa) VH 2 by above-mentioned (7) formulas 

(upsilonL/kappa), it is upsilonH/upsilonL >=(VH/VL) 2. — (8) 

It turns out that it becomes and the tolerance of input voltage Vi is restricted by the tolerance of the 
output voltage of the error amplifier 21. Moreover, tau!=0, then a degree type are obtained by (7) 
formulas. 

kappa<=(upsilonH VL 2-upsilonL VH 2)/tau (VH 2-VL 2) (9) 

Here, since it is kappa> 0, it is a switching element Ql . About ON time amount, there is constraint by 
the conditions of (9) types besides the conditions of (8) types. (9) According to the conditions of a 
formula, inclination kappa must be made small, so that a time delay tau is long. It is a switching element 
Ql to make inclination kappa small. According to [ are that ON time amount becomes long and ] (1) and 
the (2) types, they are the upper limit VH of input power W and input voltage Vi, and a lower limit VL. 
They are the ON time amount tH and tL, without changing. When lengthening, the inductance of an 
inductor LI must be enlarged. 

[0010] After all, a time delay tau is an inductor LI, when long. An inductance is enlarged and it is a 
switching element Ql. Switching frequency must be made low. Consequently, inductor LI The problem 
of enlarging arises, and the choke coil which will be used supposing it establishes the filter circuit for 
noise prevention in an input side is enlarged, and it is a switching element Ql. The problem that 
switching frequency becomes low and becomes an audible band region (18kHz or less) depending on 
the case arises. 

[001 1] Even if this invention expands the width of face of the tolerance of the input voltage to the main 
circuit restricted by the tolerance of the output voltage of error amplifier for the purpose of solution of 
the above-mentioned trouble and has a time lag inside a control circuit, it is going to offer the power unit 
which enabled it to set up the switching frequency of a switching element in the high range. 
[0012] 

[Means for Solving the Problem] In invention of claim 1, in order to attain the above-mentioned purpose 
A main circuit which consists of a chopper circuit which performs direct-current- voltage conversion by 
making an output side emit energy accumulated in a "on" period of a switching element at an inductor 
including a switching element and an inductor to a "off period of a switching element, It has a control 
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circuit which carries out on-off control of the switching element. A control circuit An error detecting 
element which outputs difference of a detection voltage and a programmed voltage proportional to 
output voltage of a main circuit as error voltage, A capacitor is made to discharge while turning OFF a 
switching element, if both-ends voltage of a capacitor by which charge is started with a predetermined 
time constant with ON of a switching element reaches error voltage. A judgment control section which 
will turn ON a switching element if it detects that stored energy of an inductor was emitted to below 
default value, If input voltage rises so that output voltage of a main circuit may be kept constant to 
fluctuation of input voltage, an ON time amount controller which adjusts the above-mentioned time 
constant in the direction made small is provided. 

[0013] a ratio of a time constant of a high period to a time constant of a period when ratio of input 
voltage of a lower limit [ gradually as opposed to / so that an ON time amount controller may make a 
time constant smaller than a low period in invention of claim 2 at a period when the average of input 
voltage to a chopper circuit is high / a upper limit of tolerance of output voltage of a switch and an error 
detecting element for a time constant ] is low — change over conditions of a time constant are set up so 
that it may become above. 

[0014] In invention of claim 3, an ON time amount controller adjusts the charging current to the above- 
mentioned capacitor continuously so that average value of input voltage to a chopper circuit rises, and 
the above-mentioned time constant may be made small. 
[0015] 

[Function] If an ON time-amount controller is prepared and input voltage rises, since the time constant 
which sets up the ON time amount of a switching element will be adjusted in the direction made small 
according to the above-mentioned configuration, the region of accommodation of ON time amount can 
be extended without changing the tolerance of the output voltage of the error detecting element which is 
one of the elements which regulate the ON time amount of a switching element, and output voltage can 
be stabilized though the large difference of the bound of the voltage range permitted as input voltage as 
a result is taken. 

[0016] The configuration of claim 2 is the desirable embodiment of the change over conditions in the 

case of switching a time constant gradually, and if this condition is fulfilled, ON time amount will be 

adjusted continuously. The configuration of claim 3 is the desirable embodiment which adjusted the 

time constant continuously. 

[0017] 

[Example] 

(Example 1) As shown in drawin g 2 , this example adds the ON time amount control circuit 3 to a 
configuration as an ON time amount controller conventionally which was shown in drawing 10 , and 
switches the output current value of a current source 23 according to input voltage Vi. Like drawing 1 , 
namely, the ON time amount control circuit 3 two resistance R7 which pressures input voltage Vi 
partially, and R8 Resistance R8 Diode D2 Capacitor C2 for smooth by which parallel connection was 
carried out by minding Capacitor C2 Comparator CP 1 which has the output section of an open collector 
mold [ the fixed reference voltage Vref2 / voltage / both-ends ] Comparator CP 1 Resistance R6 
connected to the outgoing end It has. Resistance R6 It connects with the input side of the current Miller 
circuit which constitutes a current source 23. 

[0018] Actuation of the ON time amount control circuit 3 is explained. A partial pressure is carried out 
by resistance R7 and R8, and input voltage Vi is a capacitor C2. It graduates and is a capacitor C2. Both- 
ends voltage is a comparator CP 1 as comparison voltage. It is inputted. Therefore, comparison voltage 
will reflect not fluctuation of the short time of input voltage Vi but fluctuation of the time average of 
input voltage Vi. Comparator CP 1 An output is carried out for comparison voltage to open [ then / 
reference voltage Vref2 ] at the period when comparison voltage is smaller than reference voltage Vref2, 
i.e., the period when input voltage Vi is comparatively low. Comparator CP 1 When an output is open, 
the output current value of a current source 23 is resistance R2. It is determined. On the other hand, it is 
a capacitor C2. When the comparison voltage which is both-ends voltage turns into two or more 
reference voltages Vref, it is a comparator CP 1. Since it becomes short, an output is resistance R2. It 
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receives and is resistance R6. It will connect with juxtaposition, and when the input current to current 
Miller circuit increases, the output current of a current source 23 will also increase. 
[0019] When the output current of a current source 23 is large, it is a capacitor C2. The charging time 
becomes short and will enlarge inclination kappa mentioned above (it is about a time constant). That is, 
with the above-mentioned configuration, when input voltage Vi is high, inclination kappa will be made 
larger than the low time. According to (3) and the (4) types, this is a switching element Ql in the range 
where input voltage Vi is high. ON time amount is shortened and it is a switching element Ql in the 
range where input voltage Vi is low. ON time amount will be lengthened. It is VM about the input 
voltage Vi corresponding to now and reference voltage Vref2. If it carries out, input voltage Vi will be 
VL <=Vi<=VM. It is an inclination in a range kappa 1 and VM <=Vi<=VH When setting the inclination 
in a range to kappa 2 (> kappa 1), it is an inclination kappa 1 and kappa 2 by relation like drawing 3 (a). 
It will switch. 

[0020] Therefore, it is a switching element Ql to the limit by the tolerance of the output voltage of the 
error amplifier 21 if it compares when not switching an inclination. The large amplitude of 
accommodation (at drawing 3 , it is a range between time amount tl 1 and time amount t2 ') of ON time 
amount can be taken. Consequently, switching element Ql A "on" period will be adjusted between the 
dashed line of drawing 3 (b), and a continuous line. In other words, it is upper-limit upsilonH of the 
output voltage of the error amplifier 21 . Lower limit upsilonL It is equivalent to having enlarged the 
difference. In order to make a comparison easy, the case where an inclination is switched to drawing 4 
(a) is shown, and the case where an inclination is not switched to drawing 4 (b) is shown. It is an 
inclination kappa 1 and kappa 2 to the region of accommodation of ON time amount having been tl -t2 
when not switching inclination kappa. By switching to two steps shows that the region of 
accommodation of ON time amount spreads in tl 1 - 12 '. moreover, the upper limit and lower limit of 
tolerance of the error amplifier 21 — upsilonL - upsilonH from — it turns out that it is equivalent to 
having extended to upsilonL ' - upsilonH \ [ of output voltage ] 

[0021] switching element Ql when taking a time delay tau into consideration and it is the maximum of 
the conditions which inclination kappa is regulated by (9) types and inclination kappa can take by them, 
if inclination kappa is not switched The ON time amount tl and t2 ********„ supposing it is the 
minimum value (switching frequency is maximum) of the conditions which can be taken - coming - a 
range like drawing 5 (b) - ON time amount tl and t2 It will be adjusted. On the other hand, an 
inclination kappa 1 and kappa 2 When it is made to switch to two steps, like drawing 5 (a), the region of 
accommodation of ON time amount can be set to tl/2-t2 / 2, and the maximum of switching frequency 
can be pulled up twice. Namely, inductor LI Problems, such as enlargement, will be solved. In the 
example of drawing 5 (a), it is in the tolerance of the output voltage of the error amplifier 21 here, and is 
an inclination kappa 1 and kappa 2. Since there is a range which can adjust ON time amount whichever 
it is set as, it sets within the limits of this, and it is an inclination kappa 1 and kappa 2. What is necessary 
is just to make it switch. For example, as shown in drawing 6 , it is an inclination kappa 1 . It is an 
inclination kappa 1 and kappa 2 so that the conditions of t22 >=tl 1 (kappa2 <=(upsilonH/upsilonL) 
kappal) may be fulfilled, if the regions of accommodation of ON time amount [ as opposed to tl l-t21, 
and an inclination kappa 2 (> kappa 1) in the region of accommodation of the receiving ON time 
amount ] are tl2-t22. It switches. If this condition is fulfilled, it will be an inclination kappa 1 and kappa 
2. It faces switching and ON time amount can be controlled continuously. Other configurations and 
actuation are the same as that of the conventional example. 

[0022] In addition, by the above-mentioned configuration, it is an inclination kappa 1 and kappa 2. 
Although he is trying to switch to two steps, when it cannot fully respond only by switching to two 
steps, it is an inclination kappa 1. A change over number of stages may be made [ more / still ]. 
(Example 2) the inside of the element which determines the time constant of a timer circuit in this 
example as shown in drawin g 7 - capacitor C3 receiving - another capacitor C4 The condition of 
carrying out parallel connection, and capacitor C4 Capacitor C3 from - switching to the condition of 
separating - inclinations kappal and kappa2 The switched example is shown. The ON time amount 
control circuit 3 has the almost same configuration as an example, and is resistance R7 and R8. Input 
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voltage is pressured partially and it is diode D2. It minds and is a capacitor C2. It impresses. This 
capacitor C2 It is a comparator CP 1, using terminal voltage as comparison voltage. It sets, is based on 
the size relation between comparison voltage and reference voltage Vref2 as compared with reference 
voltage Vref2, and is a capacitor C3. Capacitor C4 A connection condition is switched. Capacitor C4 
Comparator CP 1 It connects between the outgoing end and the outgoing end of a current source 23. 
[0023] Therefore, when [ when input voltage is low ] comparison voltage is lower than reference voltage 
Vref2, it is a comparator CP 1. An output becomes short and is a capacitor C3. Parallel connection of the 
capacitor C4 will be carried out, and the output current of a current source 23 is a capacitor C3 and C4. 
It charges. When input voltage is high and comparison voltage is two or more reference voltages Vref on 
the other hand, it is a comparator CP 1. An output is opened and is a capacitor C3. The output current of 
a current source 23 is charged. Namely, inclination kappa 1 when input voltage is low It compares and is 
the inclination kappa 2 when input voltage is high. It can enlarge. Other configurations and actuation are 
the same as that of an example 1 . 

[0024] (Example 3) It is [ as opposed to / as this example is shown in drawing 8 / the circuitry of an 
example 2 ] a comparator CP 1 to the ON time amount control circuit 3. It does not prepare but is a 
capacitor C2. Capacitor C3 It is resistance R9 in between. It considers as the inserted configuration. 
With this configuration, it follows on the rise of the average value of input voltage, and is a capacitor 
C3. Since the charging current increases, inclination kappa will change continuously without going 
through stages. Other configurations and actuation are the same as that of an example 1. 
[0025] (Example 4) It differs in an example 3 in that this example made the main circuit 1 the chopper 
circuit 1 of a reversal mold (step-down-and-step-up mold) like drawing 9 . That is, between the outgoing 
ends of Rectifier RE, it is a switching element Ql. Resistance Rl Inductor LI A series circuit is 
connected and it is resistance Rl. Inductor LI It is diode Dl to a series circuit. It minds and is the 
capacitor CI for smooth. It has connected composition, this configuration - switching element Ql the 
time of ON « inductor LI the accumulated energy — switching element Ql the time of being OFF ~ 
capacitor CI emitting — input voltage — receiving ~ output voltage — a pressure up and pressure 
lowering - it can be set now as all. Other configurations are the same as that of an example 1. 
[0026] Although not illustrated, the technical thought of this invention can apply the chopper circuit of a 
pressure- lowering mold also as a main circuit 1. 
[0027] 

[Effect of the Invention] The error detecting element to which this invention outputs the difference of 
the detection voltage and the programmed voltage proportional to the output voltage of a main circuit as 
error voltage as mentioned above, A capacitor is made to discharge while turning OFF a switching 
element, if the both-ends voltage of the capacitor by which charge is started with a predetermined time 
constant with ON of a switching element reaches error voltage. The judgment control section which will 
turn ON a switching element if it detects that the stored energy of an inductor was emitted to below 
default value, Since the ON time amount controller which adjusts the above-mentioned time constant in 
the direction made small is prepared in the control circuit if input voltage rises so that the output voltage 
of a main circuit may be kept constant to fluctuation of input voltage The region of accommodation of 
ON time amount can be extended without changing the tolerance of the output voltage of the error 
detecting element which is one of the elements which regulate the ON time amount of a switching 
element. Though the large difference of the bound of the voltage range permitted as input voltage as a 
result is taken, there is an advantage that output voltage can be stabilized. 



[Translation done.] 
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